Cyprinid herpesvirus 3 (CyHV-3), commonly known as koi herpesvirus (KHV), is a member of the Alloherpesviridae, and is a recently discovered emerging herpesvirus that is highly pathogenic for koi and common carp. Our previous study demonstrated that CyHV-3 becomes latent in peripheral white blood cells (WBC). In this study, CyHV-3 latency was further investigated in IgM 
C
yprinid herpesvirus 3 (CyHV-3), commonly known as koi herpesvirus (KHV), is a recently emerging pathogen of koi and common carp (Cyprinus carpio) that causes significant disease and high mortality in infected fish (1) . The most prominent clinical signs from the active viral infection are seen in the gills, characterized by hyperplasia and severe necrosis of the gill epithelium. Other clinical signs include sunken eyes and pale patches on skin, ulcerative skin lesions, lethargy, anorexia, increased respiration, and uncoordinated swimming and movement; the disease is further characterized by interstitial nephritis, splenitis, and enteritis (2) . Mortality rates have been reported as high as 80 to 100% in naive fry (3) (4) (5) . Due to the severity of the disease, CyHV-3 has devastated the carp aquaculture population around the world and affected the koi trade, costing hundreds of millions of dollars in damage and loss.
CyHV-3 has been classified as a member of Alloherpesviridae, which consists of herpesviruses of fish and amphibians, and is in the order Herpesvirales (6, 7) . Latency, a hallmark of herpesviruses, is the persistence of the viral genome in host cells for the life of the host in the absence of productive infection and viral replication. Reactivation from latency, largely triggered by physiologic host stressors, leads to virion production that produces clinical disease as well as transmission of the virus to naive hosts. CyHV-3 latency has also been demonstrated in koi that have recovered from an initial viral infection (8, 9) .
Latency has classically been divided into establishment, maintenance, and reactivation phases. Although the mechanism of latency is not fully understood, it has been studied in many different herpesviruses: herpesviruses from animals, such as bovine herpesvirus type 1 (BHV-1), equine herpesvirus type 1, and porcine herpesvirus type 1 (10) (11) (12) (13) , and herpesviruses from humans, such as human herpesvirus type 1 and type 2 (herpes simplex virus 1 [HSV-1] and HSV-2), varicella-zoster virus (VZV), human cytomegalovirus (CMV), and Epstein-Barr virus (EBV) (13) (14) (15) . In all the herpesviruses studied thus far, latency is characterized by a mostly dormant viral genome and limited gene expression. For alphaherpeviruses, such as HSV-1 and BHV-1, which become latent in the trigeminal ganglion, the only viral gene expressed during latency is the latency-associated transcript (LAT) or latencyrelated transcripts (LR) (11, 12, 16, 17) . The LAT of Simplexvirus, such as HSV-1 (18) and HSV-2 (19) , is expressed from the unique long inverted repeats, while the LR of the Varicellovirus, such as VZV (20) , BHV-1 (11), and pseudorabies virus (PrV) (15) , is ex-pressed from unique short inverted repeats. For betaherpesvirus latency, such as in human CMV (21, 22) , a few more genes are reportedly expressed, such as the CMV latency transcripts, US28, viral interleukin 10 (vIL10), LUNA (latency unique natural antigen), and UL138 loci (23, 24) . Although CMV has relatively short inverted repeats, the latency-associated UL138 loci (25) is close to the unique long inverted repeats. During gammaherpesvirus latency, in the case of EBV, up to nine virus-encoded proteins are expressed in latently infected B cells, which include the EBV nuclear antigens (EBNA-1, -2, -3A, -3B, -3C, and -LP) and the latent membrane proteins (LMP-1, -2A, and -2B) (26, 27) . Most of the EBNAs are expressed from the repeat region near the end of the genome. In the case of Kaposi's sarcoma herpesvirus (KSHV), the major latency antigen (LANA [latency-associated nuclear antigen]) (28) is expressed from the direct repeat region 7 (DR7).
Genes that are identified during latency can be divided into three groups: (i) transcription regulation, such as EBNA, which regulates viral gene expression during latency (27) ; (ii) antiapoptosis, such as LAT, which can block apoptosis during virus replication (29, 30) ; and (iii) immune modulation, such as vIL10, which can limit immune detection and mitigate clearance of latently infected cells (31, 32) . These genes may have important roles in the establishment, maintenance, and reactivation of latency. Although CyHV-3 is classified as a member of Alloherpesviridae, the biology of CyHV-3 latency and reactivation is unknown (9, 33) . Understanding how CyHV-3 establishes latency in koi would provide information on the evolution of this seemingly conserved yet complex process. In this study, CyHV-3 latency was further investigated in IgM ϩ white blood cells (WBC) and IgM Ϫ WBC. To further prove that B cells are the preferred latency site, we investigated whether CyHV-3 transcribes any genes during latency. Since latency-associated genes from many herpesviruses are located in the inverted repeats, it is likely that CyHV-3 also expresses latency-associated genes from the inverted repeat region. Therefore, we chose to screen the inverted repeat region for genes associated with latency.
MATERIALS AND METHODS
Koi and sampling. Ten adult koi fish were acquired from a local distributor in Oregon with a history of CyHV-3 exposure. After a 30-day quarantine and acclimation period, fish found to have no clinical signs of CyHV-3 were used in our study. Koi with CyHV-3 latent infection were screened for CyHV-3 by nested PCR as reported previously (34) . All koi were kept and maintained at 12°C in 4-ft diameter tanks at Oregon State University Salmon Disease Research Lab (OSU-SDL) in accordance with the Animal Care and Use Committee regulations. All blood samples were collected via venipuncture of the caudal vein after anesthetizing the koi with 90 ppm of MS-222 (tricaine methanesulfonate) buffered with an equal amount of sodium bicarbonate. Whole blood was immediately transferred into tubes containing 3.2% sodium citrate to prevent both coagulation and erythrocyte lysis. CCB and KF-1 cell lines. Common carp brain cell line (CCB) and koi fin cell line (KF-1) (gift from Ronald Hedrick, University of California, Davis) were cultured in Dulbecco's modified Eagle's medium (DMEM) (Invitrogen, Carlsbad, CA) supplemented with 10% fetal bovine serum (Gemini Bio-Products, West Sacramento, CA), penicillin (100 U/ml), and streptomycin (100 g/ml) (Sigma-Aldrich, Inc., St. Louis, MO) and incubated at 22°C. The United States strain of CyHV-3 (KHV-U) was a gift from Ronald Hedrick.
Antibodies. Anti-common carp IgM monoclonal antibody was purchased from Aquatic Diagnostics Ltd. (Stirling, Scotland, United Kingdom). Anti-mouse IgG microbeads were purchased from Miltenyi Biotec (Bergisch Gladbach, Germany). Anti-Pax5 polyclonal antibody specific to the paired domain of trout Pax5 was a gift from Patty Zwollo (College of William and Mary) (35) . The secondary antibodies used were as follows: DyLight 649-labeled donkey anti-mouse IgG antibody (Thermo Fisher Scientific, Rockford, IL), Alexa Fluor 488-labeled goat anti-rabbit IgG antibody (Molecular Probes, Eugene, OR), and Texas Red-labeled goat anti-mouse IgG antibody (Molecular Probes, Eugene, OR). Nuclear staining was performed with Vectashield mounting medium with 4=,6=-diamidino-2-phenylindole (DAPI) (Vector Laboratories, Burlingame, CA).
IgM ؉ WBC isolation. White blood cells (WBC) were collected after layering whole blood on a Ficoll-Paque Plus gradient according to the manufacturer's instructions (GE Healthcare, United Kingdom) and washed twice with Hanks balanced salt solution (HBSS). Total WBC were stained first with anti-carp IgM monoclonal antibody (Aquatic Diagnostics Ltd.) at 1:100 dilution on ice for 60 min and rinsed twice with HBSS. WBC were then stained with anti-mouse IgG microbeads (Miltenyi Biotec) at a 1:4 dilution at 4°C for 30 min and washed once. Stained WBC were passed through an LS column on a magnet according to the manufacturer's instructions (Miltenyi Biotec, Bergisch Gladbach, Germany). The nonselected cells that flowed through the magnetized column were collected and labeled "IgM Ϫ WBC"; the column was then removed from the magnet, and selected cells were washed off the column, collected, and labeled " Primers. Selection of primers for CyHV-3 sequence amplification was based on DNA sequences of CyHV-3 (NCBI accession no. NC_009127.1) available at NCBI. The primers used for screening for the presence of CyHV-3 DNA in koi WBC were selected as previously described (34) . Real-time PCR primers specific for CyHV-3 were selected as previously described (2) . The primers and TaqMan probe for Cyprinus carpio glucokinase gene were selected as reported previously (2) . The primers used for screening open reading frame 1 (ORF1) to ORF8 gene expression during latency are shown in Fig. 1 and Table 1 . The 3= rapid amplification of cDNA ends (3= RACE) primer and 5= RACE primers are also shown in Fig. 1 and Table 1 . DNA probe. ORF6 reverse transcriptase PCR (RT-PCR) products amplified with primers ORF6s-F291 (s stands for spliced, and F stands for forward) and ORF6s-R291 (R stands for reverse) were cloned into the TOPO TA vector (Life Technologies, Carlsbad, CA). The plasmid containing the spliced ORF6 DNA at 310 bp (versus 396 bp of unspliced DNA) was confirmed by DNA sequencing. The ORF6 plasmid DNA was used as the template to generate the digoxigenin (DIG)-labeled DNA probe as shown in Fig. 1E . The DIG-labeled probe was made by PCR with primers ORF6s-216F and ORF6s-216R using the DIG DNA labeling kit according to the manufacturer's instructions (Roche Diagnostics, Indianapolis, IN).
PCR amplification. PCR was performed in a 25-l reaction mixture consisting of 0.5 unit of AmpliTaq Gold 360 and 12.5 l of 2ϫ buffer (Life Technologies, Carlsbad, CA), 5 l Q-solution enhancer (Qiagen, Germantown, MD), 400 M each primer, and 0.5 g of DNA or 2 l of RT product. The mixture was subjected to the following steps: (i) 94°C for 2 min; (ii) 35 cycles, with 1 cycle consisting of 94°C for 30 s, 58°C for 30 s, and 72°C for 45 s; (iii) a 5-min elongation step at 72°C after the final cycle. The nested PCR was ran by using the same conditions as described above, the nested set of primers, and 2 l of the PCR product as the template. Products were visualized on a 1.2% agarose gel with electrophoresis at 80 V and stained with ethidium bromide.
Real-time qPCR. CyHV-3 DNA was quantified in each sample by real-time PCR using primers KHV 86F and KHV 163R and TaqMan probe KHV 109P (2) . Amplification was performed on the Bio-Rad CFX96 thermocycler (Bio-Rad Laboratories, Hercules, CA) using a 25-l reaction mixture consisting of 12.5 l Platinum quantitative PCR (qPCR) Supermix-UDG with ROX (Invitrogen, Carlsbad, CA), 0.5 l of each primer (20 nM) and probe (10 mM), and 5 l (approximately 1 g total) of DNA template; the reaction mixture was subjected to the following steps: (i) 50°C for 2 min; (ii) 95°C for 2 min; (iii) 60 cycles, with 1 cycle consisting of 95°C for 15 s and 60°C for 60 s (a slower ramp time was 
GCAACAGCGTGTCTCTGGTA adjusted to 2°C/s to facilitate higher sensitivity). Data analysis was performed using the associated CFX Management Software suite (Bio-Rad Laboratories, Hercules, CA).
RT-PCR.
Extracted RNA was treated with DNase (Life Technologies, Carlsbad, CA) according to the manufacturer's instructions before use in RT-PCR. cDNA was synthesized with either random primers or genespecific primers using SuperScript III cDNA synthesis kit (Life Technologies, Carlsbad, CA) according to the manufacturer's instructions. As an internal control, an equal amount of RNA was treated in parallel without the addition of reverse transcriptase. The cDNA was subsequently amplified in PCR using primers specific for ORF1 to ORF8 listed in Table 1 . RT-PCR products were visualized on a 1.2% agarose gel with electrophoresis at 80 V and stained with ethidium bromide. The 18S rRNA amplification was performed as an internal control to ensure that comparable levels of input RNA were used in RT-PCR, according to the manufacturer's instructions (QuantumRNA classic II universal 18S internal standard kit; Ambion, Life Technologies, Carlsbad, CA).
Southern blotting. RT-PCR products generated from RNA from IgM ϩ or IgM Ϫ WBC were electrophoresed through a 1.5% agarose gel, transferred to a nylon membrane (17) , and then UV cross-linked to the membrane. The membrane was prehybridized with prehybridization buffer (Roche Diagnostics, Indianapolis, IN) at 68°C, and then hybridized with the DIG-labeled DNA probe specific for ORF6 (Fig. 1E ) at 68°C overnight. After incubation with the probe, the membranes were washed with 0.1% sodium dodecyl sulfate and 10% 20ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate) before incubation with an anti-digoxigenin antibody conjugated with peroxidase. The membrane was then developed by incubation with a chemiluminescent peroxidase substrate (Roche Diagnostics, Indianapolis, IN). The blots were exposed to film (Kodak) at room temperature for 30 min to 2 h. The molecular sizes of the resulting bands were estimated by DNA Molecular Weight Marker VII (DIG labeled) (Roche Applied Science, Indianapolis, IN).
3= RACE. The 3= end of the ORF6 transcript was analyzed by the 3= RACE system (Life Technologies, Carlsbad, CA) according to the manufacturer's instructions. Briefly, cDNA synthesis was performed in a 20-l reaction mixture consisting of 1 g of DNase-treated RNA isolated from CyHV-3-infected CCB cells was combined with the following: 2 l of 10ϫ PCR buffer; 500 nM adapter primer (AP); 500 M each dATP, dCTP, dGTP, and dTTP; 10 mM dithiothreitol (DTT); and 2.5 mM MgCl 2 . The reaction mixture was incubated at 42°C for 5 min before 1 l of SuperScript RT II was added. The reaction mixture was then incubated at 42°C for 50 min. The reaction was terminated by heating the mixture at 70°C for 15 min. The resulting poly(dT) cDNA was treated with RNase H and incubated at 37°C for 20 min. Two microliters of this cDNA was used to amplify 3= RACE products by PCR as described above, using 200 nM abridged universal amplification primer (AUAP) and 400 M gene-specific primer ORF6-3RACE112 in the first reaction, and 2 l of the PCR product was amplified again with the AUAP and seminested gene-specific primer ORF6-3RACE94.
5= RACE. The 5= end of the ORF6 transcript was mapped by the 5= RACE system (Life Technologies). First-strand cDNA synthesis was conducted as described above with the gene-specific primer ORF6-5RACE599, and cDNA was treated with RNase H as described above. cDNA was purified by the protocol modified for the Roche high pure PCR product purification kit (Roche, Indianapolis, IN); the purified cDNA was then tailed with dCTP by terminal deoxynucleotidyl transferase (TdT) according to the manufacturer's instructions. The 5= end of the ORF6 transcript was amplified first with primers ORF6-5RACE455 and AAP (abridged anchor primer) and then with AUAP and seminested primer ORF6-5RACE293 (Fig. 1D) as described above for 3= RACE products.
PCR DNA sequencing. PCR products were cleaned with the ChargeSwitch PCR clean-up kit (Life Technologies, Carlsbad, CA) according to the manufacturer's instructions and submitted for Sanger sequencing at the Center for Genome Research and Bioinformatics (CGRB) at Oregon State University, Corvallis, OR. RT-PCR products were cloned using the TOPO TA vector (Invitrogen, Carlsbad, CA), and plasmids were submitted for Sanger sequencing at the CGRB. Sequences were aligned to the CyHV-3 genome by using Geneious software.
RESULTS

Isolation of koi B cells.
In a previous study, we tentatively identified the peripheral WBC as the latency site for CyHV-3 (9). To determine which leukocyte population harbors latent CyHV-3, the peripheral WBC of koi were further sorted into IgM ϩ and IgM Ϫ WBC using magnetic beads to isolate cells labeled with an anti-carp IgM monoclonal antibody. Pooled WBC isolated from whole blood collected from five koi (2 ml from each fish) were stained first with the antibody and separated via a magnetic column (Miltenyi Biotec). On average, about 25% of total WBC were selected by the magnetic beads. To confirm that selection was specific for IgM ϩ B cells, presorted WBC, IgM selected, and nonselected cells were costained by antibodies against IgM and transcription factor Pax5, an additional marker specific for B cells (36) , and analyzed by FACS. As shown in Fig. 2A , before the cells were sorted, the IgM ϩ portion of the total WBC population was about 26.8%, the Pax5 ϩ cells were 25.0%, and the portion positive for both IgM and Pax5 was about 19.1% of total WBC (Fig. 2A) . The results of the FACS analysis confirm that the magnetic column is capable of isolating the majority of IgM ϩ WBC. Of the cells that were selected via a magnetic column, the portion that was IgM ϩ was 96.5%, the portion that was Pax5 ϩ was 94.1%, and the portion that was positive for both IgM and Pax5 was 92.9% (Fig.  2B) . Of the nonselected cells, only 14.0% were IgM ϩ , while 16.4% of cells were Pax5 ϩ (Fig. 2C) . The vast majority of magnetically selected cells were identified as doubly positive for IgM and Pax5 by FACS, which confirms them as an enriched population of B lymphocytes. The coexpression of these two B cell markers in these WBC was also examined by confocal microscopy. In agreement with the FACS analysis, the majority of magnetically selected WBC had IgM staining on the cell surface and Pax5 staining localizing to the nucleus (Fig. 3A) . In the IgM ϩ portion of WBC, a small portion of cells had IgM ϩ staining without Pax5 staining. Very few nonselected cells had IgM surface staining and Pax5 staining (Fig. 3B) , and only a small portion of unsorted cells had IgM and Pax5 staining (Fig. 3C) (Fig. 4B, hatched  bars) .
Viral gene expression in latently infected B cells. To investigate whether CyHV-3 has any gene expression during latency, all eight open reading frames (ORFs) from the terminal repeat were investigated by RT-PCR ( Fig. 1 and Table 1 ). Total RNA was ex-tracted from IgM ϩ B cells from latently infected koi and used in cDNA synthesis with random primers, which were then used in RT-PCR with primers specific for ORF1 to ORF8 (Fig. 1B and Table 1 ). Amplification from ORF1 to -5 and ORF7 to -8 was not observed (data not shown). However, using primers ORF6s-F291 and ORF6s-R291 flanking the intron of ORF6 (Fig. 1D) , a spliced transcript was detected in IgM ϩ B cells from latently infected koi. To confirm that the amplimer is the spliced ORF6 transcript, the RT-PCR product was hybridized with a DNA probe specific for the spliced ORF6 by Southern blotting (Fig. 1E and 5 ). In the RT reaction with reverse transcriptase, a spliced product of 310 bp was hybridized by the ORF6 probe (Fig. 5, lane 1) . In the RT reaction without reverse transcriptase, an unspliced product of 396 bp was also hybridized by the probe, which may be derived from the genomic CyHV-3 DNA amplification (Fig. 5, lanes 2 and  4) . No spliced DNA product was hybridized by the ORF6 probe in the RT-PCR from IgM Ϫ cells (Fig. 5, lane 3) . Both spliced and unspliced ORF6 transcripts were amplified from total RNA from CyHV-3-infected CCB cells (Fig. 5, lane 7) ; however, only unspliced product was amplified from RNA from CyHV-3-infected CCB cells without the addition of reverse transcriptase, which may also come from the genomic DNA or the unspliced transcript (Fig.  5, lane 6) . Since the spliced product is only about 86 bp shorter than the unspliced product, they are too close to clearly be sepa- rated on the gel (Fig. 5, lane 7) . The unspliced DNA amplification control is KHV-U DNA (Fig. 5, lane 5) . No product was amplified from the control reaction mixture containing no RNA template (Fig. 5, lane 8) .
Expression of ORF6 transcript during productive infection of cultured cells. To determine whether ORF6 is expressed during productive infection, ORF6 transcription was investigated in CyHV-3 infection in vitro.
Total RNA was extracted from CyHV-3-infected CCB cells or mock-infected CCB cells on days 1, 3, 5, 8, 13, and 21 postinfection (p.i.) and reverse transcribed to cDNA using the gene-specific primer ORF6s-R291. Spliced and unspliced ORF6 cDNA was detected via PCR with primers ORF6s-F291 and ORF6s-R291 designed to amplify a 310-bp spliced sequence or a 396-bp unspliced sequence spanning the intron region of the ORF6 (Fig. 1D) . To confirm specificity of the ORF6 detection, the RT-PCR product was probed by a DIG-labeled DNA probe specific for ORF6 (Fig. 1E) . A 310-bp product, the spliced ORF6, could be detected at 1 day p.i. (Fig. 6A and B, 1 dpi) . Thereafter, the spliced transcript was detected in CyHV-3-infected CCB cells until 21 days p.i. (Fig. 6A and B) . A 396-bp product, the unspliced ORF6, could be detected at 5 days p.i. and thereafter until 21 days p.i. Both spliced and unspliced transcription increased over the progression of viral infection, with strongest expression at days 13 p.i. (Fig. 6A) . Comparable 18S RNA amplifications were observed in RNA samples from either CyHV-3-infected cells or mock-infected cells examined from different time points (Fig. 6C and F) . Amplification did not occur when reverse transcriptase was omitted from the RT reaction (Fig. 6A) or when amplification was performed on RNA from mock-infected cells (Fig. 6D) . No products were hybridized when reverse transcriptase was omitted from the RT reaction (Fig. 6B) or from amplification of RNA from mock-infected cells (Fig. 6E) . Thus, the spliced ORF6 transcript is expressed immediately following infection.
Sequence analysis of the ORF6 RT-PCR products. To determine whether the intron boundary is as predicted by the sequence annotation, the spliced RT-PCR products from CyHV-3-infected CCB cells were sequenced directly by Sanger sequencing. The RT-PCR product from latently infected IgM ϩ B cells (Fig. 6 ) was cloned into the TOPO-TA vector and then sequenced by Sanger sequencing. As shown in Fig. 7 , the 86-bp intron boundary from both active and latent infection was identical to the predicted boundary (37) . The amplimers generated from the total RNA of infected CCB and latent IgM ϩ B cells were found to have over 99% homology with the corresponding region of the processed ORF6 (Fig. 7) .
ORF6 predicted amino acid conserved domains. To investigate the putative function of this predicted 725-amino-acid (aa) ORF6, a search of conserved protein domains was performed (38) . The amino acid sequence was submitted to the Conserved Domain Database (www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml) and queried against the database PRK v6.9, which encompasses 10,885 PSSMs (position-specific scoring matrixes) and compounds conserved domain footprints from phage (PHA) proteins. As shown in Fig. 8 , predicted ORF6 residues 347 to 472 have homology to the EBNA-3B consensus domain (Epstein-Barr virus nuclear antigen 3B; PHA03378; multidomain hit; bit score of 41.59; E value of 8.73eϪ04; pssmid 223065) between residues 683 and 808. This consensus domain is derived from three gammaherpesvirus proteins (39) (40) (41) . The same region of the predicted ORF6 aa sequence (residues 342 to 468) also showed homology to multidomains of the herpesvirus transcriptional regulator protein ICP4 consensus domain (PHA03307; multidomain hit; bit score of 38.23; E value of 9.14eϪ03; pssmid 223039) between residues 103 and 225. This consensus domain is derived from 36 alphaherpesvirus proteins (42) .
Characterizing the viral ORF6 transcript. To define the 5= end of ORF6 RNA expressed in vitro, 5= RACE was used. Total RNA isolated from CyHV-3-infected CCB cells at 13 days p.i. was analyzed. Primer 5RACE599, complementary to the DNA sequence 599 bp downstream of the ATG codon of ORF6, was used for the first-strand cDNA synthesis (Fig. 1D) . Primers 5RACE455 and 5RACE293 upstream of primer 5RACE599 were used in PCR with AAP and AUAP (abridged universal amplification primer), respectively (Fig. 1D) . No visible PCR product was observed when the primer pair AAP and 5RACE455 was used (Fig. 9A, lane 1) . However, an approximately 400-bp product could be readily observed when the primary PCR product was reamplified with AUAP and the seminested primer 5RACE293 (Fig. 9A, lane 2) . Sequencing of the 417-bp product revealed that the ORF6 transcript starts Ϫ127 bp upstream of the ATG codon of ORF6 (Fig.  10A) .
To define the 3= end of ORF6 RNA expressed in vitro, 3= RACE was used. Similar to 5= RACE, total RNA isolated from CyHV-3-infected CCB cells at 13 days p.i. was used. An oligo(dT) adapter primer was used to synthesize the cDNA. The resulting cDNA was amplified by PCR with AUAP and gene-specific primer 3RACE112. A product close to the predicted size was produced, but a nonspecific product was also amplified (Fig. 9, lane 1) . The primary PCR product was reamplified with AUAP and a nested gene-specific primer 3RACE94, which amplified a 273-bp product from the 3= end of the transcript (Fig. 9B, lane 2) . Sequencing of this 273-bp product revealed a 189-nucleotide (nt) untranslated region (43) downstream of the stop codon; a polyadenylation signal was identified (AATAAA) 20 bp upstream of the 3= end of the transcript (Fig. 10B ).
DISCUSSION
In this study, CyHV-3 latency was investigated in IgM ϩ B cells that were sorted by monoclonal antibodies specific to common carp IgM using a magnetic column (Fig. 2 to 4) . By real-time PCR, the presence of CyHV-3 in IgM ϩ B cells was found to be about 20-fold higher than in IgM Ϫ WBC (Fig. 4) . This suggests that at least one site of CyHV-3 latency is the IgM ϩ B cell. (45) . In general, the circulating B cells have been shown to be more abundant in teleost fish than in humans. In most of the analyzed teleost fish species, B cells represent an average of ϳ30 to 60% of all peripheral blood leukocytes (PBL) (46) . In contrast, the percentage of circulating B cells for humans is only ϳ2 to 8% of PBL (47) . In koi, lymphocytes are categorized as small (Ͻ8 m), medium (8 to 10 m), or large (Ͼ10 m) cells based on their diameter (48) . The distribution of B cells within the peripheral WBC of common carp has not yet been well characterized. In our study, about 25% IgM ϩ B cells were recovered from the total peripheral WBC, which suggests that the IgM ϩ B cells may represent only a subset of circulating B cells of koi and common carp. The majority of CyHV-3 genome present during latent infection was detected in the IgM ϩ B cells, and very little was detected in the IgM Ϫ WBC population, which is comprised of other B cell subsets, T cells, and other leukocytes (Fig. 4) .
To confirm the identity of the IgM ϩ WBC selected by the magnetically activated cell sorting (MACS) microbeads as B cells, an antibody specific for a B cell transcription factor was used in our study. Transcription factor Pax5 is a master regulator of B cell development and has been identified in both mammalian and nonmammalian species (49, 50) . Pax5 is mostly expressed in the vertebrate B cell lineage (51) including teleost fish species such as rainbow trout, puffer fish, and zebrafish (36, 52, 53) . Within the B cell lineage, Pax5 transcripts and their encoded products have been detected in pro-B, pre-B, and mature B cell lines, whereas either very low or undetectable levels were found in the various plasma cell lines studied (51) . The functional domains of the Pax5 are highly conserved between vertebrate species (54) . As shown in Fig. 2 and 3 , the polyclonal anti-paired domain antibody ED-1 specific to trout Pax5 can cross-react with Pax5 of koi B cells. Visible Pax5 staining was also observed in some IgM Ϫ cells (Fig.  3B and C) , which suggests that IgM Ϫ subsets of B cells may exist in koi. The expression of Pax5 was localized to the nucleus, as expected for a transcription regulator protein. Our study demon- /cdd.shtml). PHA03378 is the Epstein-Barr nuclear antigen 3B consensus sequence derived from three gammaherpesvirus proteins. PHA03307 is the transcriptional regulator ICP4 consensus sequence derived from 36 alphaherpesvirus proteins. Residues in bold type are conserved; one asterisk above the ORF6 residue indicates consensus with one referenced domain, and two asterisks indicate consensus with both referenced domains. Lowercase letters indicate unaligned residues; dashes indicate variation in sequence length. The numbers before and after the amino acid sequence indicate the amount of sequence data that was imported from the complete consensus record (38) . strated that Pax5 is also expressed in common carp and can be used to identify B cells of common carp.
In this study, the transcript from ORF6 is shown to be expressed in B cells from latently infected koi. In latently infected fish, only the spliced CyHV-3 ORF6 transcript is detectable (Fig.  6) . However, as shown in Fig. 7 , both unspliced and spliced ORF6 transcripts are detectable during productive infection, wherein the unspliced transcripts are more abundant than the spliced ORF6 transcript as the productive infection progresses (Fig. 6A,  13 and 21 days p.i.) . This is the first study to show that a spliced ORF6 transcript is abundantly expressed during CyHV-3 latency. It is possible that both spliced and unspliced ORF6 transcripts code for a protein and play a role in both productive and latent infections, whereas the spliced transcript alone is sufficient for latent infection. Future studies will have to address the roles of the translated products of spliced and unspliced ORF6 during the infection cycle.
A conserved domain (aa 342 to 472) identified in the predicted 725 aa of CyHV-3 ORF6 has homology to consensus sequences of EBNA-3B conserved domain (residues 683 to 808) and the N-terminal regulator domain of ICP4 (residues 103 to 225) (Fig. 8) . EBNA is a family of Epstein-Barr virus (EBV) latent antigens which are only expressed in EBV latently infected B cells. It is interesting to discover that CyHV-3 expresses a gene during latency with a conserved domain with homology to EBNA-3B. During latency, EBV expresses three related nuclear proteins: EBNA-3A, -3B, and -3C, which are hypothesized to function as transcriptional transactivators. Both EBNA-3A and -3C genes are essential for EBV immortalization, but EBNA-3B is dispensable in vitro (55, 56) . Since EBNA-3B is not necessary for EBV-induced B-cell immortalization in vitro, it is speculated that EBNA-3B is important for successful EBV infection in vivo, perhaps by regulating expression of cellular genes important for acute or latent EBV infection (41) . It is possible that ORF6 plays a role similar to the role of EBNA-3B during latency of CyHV-3. Additionally, the conserved domain showed homology to the N-terminal regulator domain of ICP4, which is also a transcriptional transactivator and has homologs that can be found in many alphaherpesviruses (57) (58) (59) (60) (61) . ICP4 contains discrete functional domains that determine DNA binding, dimerization, nuclear localization, and transcrip- The numbers before and after the sequence indicate the length of the PCR product. The ATG start codon is shown underlined and in bold type. The underlined bases are predicted binding sites in the putative promoter region and can be cross-referenced in Table 2 . (B) 3= RACE product mapped to the CyHV-3 genome. The numbers before and after the sequence indicate the length of the PCR product. The TAA stop codon is shown underlined and in bold type. The predicted polyadenylation signal (AATAAA) is underlined. Alignments were performed using Geneious software. tional activation (62) . It is interesting to find that ORF6 contains a conserved domain with homology to the ICP4 transcription activation regulatory domain near the amino terminus (residues 143 to 210) which are necessary for ICP4 function (62) . This suggests that the conserved domain in ORF6 may be essential for transcription activation, and ORF6 may function as a transcription activator, perhaps by regulating expression of cellular genes important for acute or latent CyHV-3 infection.
Based on the transcription regulatory site search by Softberry, many transcription regulatory elements are found to be present in the putative ORF6 promoter as illustrated in Fig. 10A and Table 2 . An E-box binding site is present Ϫ403 to Ϫ394 nt upstream of the ATG codon, which normally regulates responses to cell growth and differentiation, apoptosis, and immune response (63) (64) (65) . There are three activator protein 1 (AP-1) binding sites upstream of the ATG codon of ORF6, which regulate gene expression in response to a variety of stimuli, including cytokines, growth factors, stressors, and bacterial and viral infections (66, 67) . Two serum response elements (SRE), which are binding sites of serum response factor (SRF), were also present in the promoter region. SRF normally regulates the activity of many immediate early genes, for example c-fos, and thereby participates in cell cycle regulation, apoptosis, cell growth, and cell differentiation (68) . This suggests that ORF6 expression can be regulated under many conditions, such as cell growth, cell differentiation, apoptosis, immune responses, and bacterial and viral infections. A number of promoter regulatory elements found in the HSV-1 LAT promoter were also present in the putative ORF6 promoter (69) . These elements include a cyclic AMP response element binding site (CREB), a CCAAT box, three Sp1 DNA-binding consensus sequences, and two upstream stimulatory factor (USF) binding sites (69) . In addition, a glucocorticoid receptor (GR) binding site is also present in the ORF6 promoter region; it has been shown that GR is associated with cortisol-induced reactivation of BHV-1 from latency (70) . Similar to the EBV LMP1 promoter regulatory region, a PU box and GCN4 binding site are present in ORF6 putative promoter region (50) . This suggests the ORF6 promoter may be regulated in a manner similar to that of LAT, LR, and LMP1 during latency. Up to four CCAAT-enhancer-binding protein (C/EBP) or NF-IL-6 (nuclear factor for interleukin 6 [IL-6] expression) binding sites are predicted in the ORF6 promoter region. NF-IL-6 has roles in regulation of IL-6 and genes involved in acute-phase reaction, inflammation, and hematopoiesis (71, 72) . It will be interesting to discover what role NF-IL-6 plays in CyHV-3 ORF6 gene expression during latency. Additional transcription binding sites for insulin response (IRE), interferon response (73) , and oxidative stress (GA-1) were also present in the ORF6 putative promoter region. These binding sites suggest that the ORF6 gene can be regulated by many host transcription factors involved in cell growth and immune response and viral transcription factors during infection. It will be interesting to find how each of the regulatory elements functions during acute and latent CyHV-3 infection. In summary, this is the first report of identification of CyHV-3 latency in B cells and gene transcription during latency for a herpesvirus in the Alloherpesviridae. The hypothetical protein sequence of ORF6 contains a conserved domain, which has homology to a conserved domain of EBNA-3B and ICP4. These data suggest that ORF6 may have a conserved function similar to those of EBNA-3B and ICP4 and may play a critical role in the mechanism and evolution of herpesvirus latency.
